light at night, has also been studied in relation to the risk of breast cancer. So far, a few studies have prospectively examined this association [4] [5] [6] [7] . In some studies, it was reported that shorter sleep duration was associated with an increased risk of breast cancer [4, 6, 7] , and in the other, no association was reported [5] .
Endogenous hormones, especially estrogens, are important determinants of breast cancer [8] . Increased estrone level in the third trimester of pregnancy was associated with an increased risk of breast cancer [9] . It has been proposed that estrogen level in utero could also be the risk factor of breast cancer in the offspring [10] . Although a direct association between estrogen level during pregnancy and the breast cancer risk in the offspring has not been examined, in several studies, associations of maternal estrogen levels during pregnancy with birth weight and height in the offspring, which are risk factors of later breast cancer, have been reported [11, 12] .
Although neither the association of the risk of breast women delivered clinically normal infants. We sent them a letter seeking information concerning sleeping habits during their pregnancies in 2003. While developing the questionnaire, we referred to the questions used in a study on light at night and breast cancer risk reported by Davis et al. [15] . Questions asked about the time that a subject usually turned off the lights before going to sleep and their wake-up times on weekdays and weekends during the pregnancy. Forty four women moved and were unreachable by mail. Among remaining 487 women, 305 returned the questionnaire. Out of 305 women, we measured serum hormone levels among 102 subjects in 2004 [14] . At that time, the measurements were done only for those who gave birth to a single female baby and who had had parity no more than once previously. Subjects who had taken hormonal medications during the index pregnancy or those who had been diagnosed with hypertension, diabetes mellitus or thyroid disease before or during the index pregnancy had been excluded. The details have been described elsewhere [14] . For the present analysis, we added hormone measurements in 2007 for 134 mothers who gave birth to a single male baby and responded to the questionnaire concerning sleep habits (we did not limit subjects to those who had had parity no more than once previously). Thus, a total of 236 women and their newborns were subjects for this analysis.
Hormone measurements
It was desirable to measure hormone levels once at the same time for all of subjects. However, the blood volume was insufficient for re-measurements in those who bore female babies. The serum hormone levels of the mothers of male babies were measured by the same commercial laboratory using the same kits as before. Although total estriol was also measured for mothers of female babies in 2004, the laboratory was no longer available for this additional measurement. Thus, the results were shown for estradiol and testosterone. The serum estradiol and testosterone were measured using radioimmunoassay with kits purchased from the Roche Diagnostic Japan, Tokyo, Japan. The interassay coefficients of variation (CV) were ≤2.6% for estradiol and ≤9.1% for testosterone, respectively, for the mothers of female babies. For the mothers of male babies, the CVs were ≤3.5% for estradiol and ≤3.6% for testosterone, respectively. cancer with light exposure at night nor with exposure to estrogen in utero is established yet, there is a possibility that exposure to light at night may influence the maternal and umbilical blood hormone levels during pregnancy. The present study is an assessment of the associations between sleep duration or being awake in the late evening hours, which can be as indicator of light exposure at night, and the maternal estrogen levels during pregnancy or umbilical estrogen levels at birth among Japanese women. In this analysis, we included not only estradiol but also testosterone measurements because testosterone level has also been positively associated with the risk of breast cancer [13] .
subjects and Methods

Study population and data collection
The present study was based on participants in a longitudinal study on the relationships among maternal lifestyle, pregnancy hormones, and gestational and neonatal factors [14] . A total of 600 women, who visited a maternal clinic in Gifu, Japan, and were identified as pregnant between May 2000 and October 2001, agreed to participate in the study. We did not obtain the precise number of women who were recruited on their first visit. However, we obtained information showing that from among women who gave birth in the clinic during the study period, 52.2% participated in the study. The actual participation rate should be higher because women who may have visited the clinic for the first time during middle or late pregnancy were included in the denominator to calculate the response rate. Each woman, who gave her informed consents, responded to a health questionnaire designed to obtain demographic characteristics, smoking status, and past medical and reproductive histories at the time of enrollment or first blood drawing. Clinical and auxological data for the mother and fetus were recorded at their visits for health check-ups at approximately the 10th and 29th weeks of gestation. Information about newborn was also recorded at delivery. Maternal blood samples for hormone measurements were obtained at each visit. Umbilical cord artery blood was immediately drawn after birth. The blood samples were centrifuged and the sera were stored at -80°C until assayed. This study was approved by the ethical board of Gifu University School of Medicine.
Among the subjects, eight had a spontaneous or induced abortion, 34 moved or changed the clinics, and 23 chose to end their participation. A total of 531 levels, as well as other characteristics given in the table, were similar to those of women who did not respond to the questionnaire concerning sleeping habits. Table 2 shows the geometric means of serum hormones according to the asleep/awake status at or after 1:00 a.m. after controlling for covariates. There were no significant differences in maternal or umbilical estradiol levels between women those who were asleep and those who were awake at or after 1:00 a.m. The maternal testosterone level in the 10th week was significantly higher among those who were awake at or after 1:00 a.m. than among those who were asleep at that time (P = 0.032). Similar tendency was observed for the maternal testosterone level in the 29th weeks, but the difference was of borderline significance (P = 0.053). The birthweight did not differ significantly between those who were awake and asleep at this time; the mean birthweight were 2,994 (95% confidence interval (CI): 2,844-3,143) and 3,110 (95% CI: 3,072-3,148), respectively.
Sleep duration on weekdays was significantly inversely correlated with the umbilical testosterone level at delivery (P = 0.030) and borderline significantly with maternal testosterone level in the 29th week (P = 0.052) ( Table 3 ). Sleep duration on weekends was significantly inversely associated with the maternal estradiol level in the 29th week (P = 0.043). When we reanalyzed by sex of offspring, these associations between sleep duration and hormone levels were found in women who bore female babies. The inverse corre-
Statistical analysis
Hormone levels were transformed into logarithmic values for statistical analysis. Subjects were categorized into two groups, asleep and awake at or after 1:00 a.m. on weekdays or weekends, using the information on sleep habits, because the melatonin profile has been reported to reach peak values between 1:00 a.m. and 5:00 a.m. [16] . The geometric means of serum hormone levels at each blood drawing as well as the mean birthweight of the baby were compared between the two groups. As the number of subjects who were awake at the time was small, the analysis was not further divided for weekdays and weekends. Next, sleep durations on weekdays and weekends were calculated based on the times going to sleep and wake-up. Partial correlation coefficients (Spearman) were calculated to assess the associations of sleep duration with serum hormone levels and birthweight. Age, sex of offspring, parity, smoking status, prepregnany height and weight, weight gain, and weeks of gestation at the time of measurement were included as covariates into all the models. The results were also shown separately for those who bore male babies and female babies after controlling the covariates except for sex of offspring. All statistical analyses were performed using SAS (SAS Institute, Cary NC, USA).
results
The characteristics of study subjects according to sex of offspring are shown in Table 1 . The mean hormone ple, the means of testosterone levels in the 10th week were 48.7 and 61.1 ng/dL in women who were asleep and awake at or after 1:00 a.m., respectively, after additional controlling for total CES-D score.
Discussion
To our knowledge, the present study is the first to examine the associations of sleep duration and being lation between sleep duration and birthweight was not statistically significant.
Since sleep duration may be associated with psychological factors such as depression status, we did supplemental analyses after additional adjustments for the total score by the Center for Epidemiologic Studies Depression Scale (CES-D) or its item score for sleep disturbance in this scale. However, additional adjustments did not substantially alter the results; for exam- at some stage of gestation. It was reported that the nocturnal interval of high plasma melatonin levels was longer in long sleepers than in short sleepers [21] . Thus, the observed association may be induced by melatonin, although we did not include melatonin measurements in this study.
Longer sleep duration may be a compensation of disturbed nighttime, since increased awakening during pregnancy has been reported [22] . However, in this study, sleep duration was slightly inversely associated with sleep disturbance measured by the CES-D scale and the mean CES-D score was higher in women who were awake at or after 1:00 a.m. than in those who were asleep at that time (12.9 vs. 9.1). Previous studies [23] [24] [25] , including one of pregnant Japanese women [23] , reported that the sleep disturbances such as difficulty sleeping were more prevalent among individuals who slept for short periods of time. In addition, the additional adjustments for depressive status did not affect the results.
One limitation of the study is that information on sleep habits were based on recall and that misclassification might have occurred. It would be particularly difficult to recall sleep habits during pregnancy because the habits may have changed with the progress of pregnancy. However, it is unlikely that the recall of sleep habits was directly dependent on pregnancy hormone levels. The low response rate to the questionnaire concerning sleep habits should also raise the concern that the observed association may only exist among the respondents. However, there were no differences in pregnancy hormone levels and other characteristics, including birthweight, between respondents and non-respondents. Finally, the small sample is a limitation of the study. Only few subjects were awake at or after 1:00 a.m.
In conclusion, this study showed the associations between maternal sleep habits, including sleep duration and wake/asleep status at or after 1:00 a.m., and maternal and umbilical blood hormone levels during pregnancy and at delivery. These data do not provide definitive conclusions but suggested that exposure to light at night might increase sex hormone levels during pregnancy. Further studies examining the association of hormone levels during pregnancy with a risk of breast cancer and studies isolating the exact factors that make circadian disruption a carcinogen are needed. awake in the late evening hours with maternal and umbilical blood hormone levels during pregnancy and at delivery. Yamauchi [17] also measured the hormone levels of pregnant workers and observed no significant change in the level of urinary estriol by night-shift work, which can be a surrogate for exposure to light at night. However, the study included only three nightshift female workers. No other studies have evaluated the relationship between hormone levels during pregnancy and variables related to exposure to light at night or sleep habits.
We observed that being awake at or after 1:00 a.m was statistically significantly and marginally significantly associated with the increased maternal serum testosterone levels in the 10th week and in the 29th week, respectively. Longer sleep duration was significantly inversely correlated with estradiol or testosterone levels at some weeks of gestation. These observations did not contradict the hypothesis that light exposure at night might increase sex hormone levels during pregnancy. However, the modest associations and somewhat varied findings by the week of the gestation and by the sex of the newborns would not strongly support this hypothesis. In addition, we should keep in mind that the obtained information regarding sleep habits may be capturing other factors besides light exposure.
We previously observed that the serum estradiol level was higher in postmenopausal Japanese women who were not asleep at or after 1:00 a.m. than in those who were asleep [18] . The association may be explained that exposure to light at night suppresses the normal nocturnal rise in melatonin production and release, which in turn may increase the circulating estrogen [19] . However, in the present study, we observed that being up late was associated with increased maternal serum testosterone levels, but not with maternal or umbilical cord estradiol levels. The interrelationships among sleep habits, melatonin, and sex hormones may differ between pregnant and non-pregnant status. A clear diurnal rhythm in the serum melatonin level is not lost during pregnancy and maternal melatonin crosses the placenta freely and enters the fetal circulation [20] . However, the maternal melatonin level increases as the pregnancy progresses [20] . Melatonin may be involved in maintaining fetal growth together with pregnancy hormone levels, which may obscure its suppressing effect on estradiol level.
We observed the association between longer sleep duration and decreased estradiol or testosterone levels
